Abstract − The increase of production of woven structures from natural fibres for reinforced composites can be noticed in different sectors of economy. This can be explained by limited sources of raw materials and different environmental issues, as well as European Union guidelines for car manufacture [4]. This research produced 2D textile structures of hemp yarn and polypropylene yarn and tested the impact of added glass fibre yarn on the mechanical properties of the woven structures and the composites produced from them. The woven structures were manufactured using hand looms or industrial looms (CТБ-175) using one layer technique. The mechanical testing of the reinforcements showed that the parameters of the looms had significant impact on the properties of the reinforcements. However, the desired improvement of strength by adding glass fibre to the fabric was not achieved. The one, two, three and four layer composites were produced in a hydraulic press using reinforcements woven from hemp yarn and polypropylene yarn. The mechanical testing of composites showed that the tensile strength of the composites and the tensile stress at maximum load depends on number of the reinforcement layers, but the tensile extension of the composites and the modulus of elasticity are not closely related to the number of reinforcement layers, but rather on elasticity of yarn used in weaving. Swelling of composites in water was detected.
I. INTRODUCTION
The use of natural fibres as a replacement for traditional glass fibre in composites has gained an increasing importance in the recent years as environmental concerns have led to a quest for sustainable alternatives. The interest in natural fibrereinforced polymer composite materials is rapidly growing in industrial applications and in fundamental research. They are renewable, cheap, completely or partially recyclable, and biodegradable [1] . Natural fibre reinforced composites are found in countless consumer products including boats, skis, agricultural machinery and cars. The largest advantages of using natural fibres in composites are the cost of materials, their sustainability and density [2] . The natural fibre component uses 45 % less energy and results in lower air pollution emissions [3] . Many companies, such as Mercedes Benz, Toyota and Daimler Chrysler, are already using these and are looking to expand the uses of natural fibre composites [4] . In the European Union (EU) 80 000 t of natural fibre сomposites for the automotive industry in 2012 year were produced and 5 % of the total volume was with hemp fibre [5] .
The forecast for EU in 2020 is 3.2 million tonnes of natural fibre composites, including bio-composites (920 000 t) and plastics reinforced with natural fibres for construction, furniture, automotive, consumer goods (100 000 t), are planned to be produced [3] . The chemical, mechanical, and physical properties of natural fibres have distinct properties. It depends on the cellulosic content of the fibres, which varies from fibre to fibre. The mechanical properties of composites are influenced mainly by the adhesion between matrix and fibres [6] . Mechanical properties have limitations for their mechanical properties, particularly with regard to impact resistance [7] .
Natural fibre composites are used to manufacture components of car interiors and truck cabins, because this reduces weight by about 10 %, energy production by 80 % and costs by 5 %. Typical market specification for natural fibre composites include elongation and ultimate breaking forces, flexural properties, strength on impact, acoustic absorption, suitability for processing and crash behaviour [8] .
This work is focused on comparing mechanical properties of woven reinforcements and reinforced composites depending on the production methods, as well as on the use of composite production reinforced with woven hemp yarn and polypropylene yarn.
II. MATERIALS AND METHODS

A. Materials and Technique of Production
The hemp yarn (HA) with the yarn density 100 tex, glass fibre yarn (136 tex) and polypropylene (PP) yarn with the yarn density 100 tex were used to produce four types of reinforcement: 1. The fabric from hemp yarn (100 %) on both directions was produced using an industrial loom CТБ-175. This fabric was used to ascertain the influence of weaving method on mechanical properties of reinforcement. All other fabrics were made using a craftsman's loom. 2. Hemp yarn fabric (100 %) on both directions. 3. Hemp yarn fabric with added glass fibre yarn mass fraction 25 % on the warp direction (a one in four hemp yarn threads is replaced with glass fibre yarn thread). The weft threads are of hemp yarn. The average surface density (Table II) 
C. Processing of the Composites
To process composites the 4 nd group reinforcements of hemp yarn and polypropylene yarn with the surface density 340 g/m 2 and 1.2 mm thickness of as well as 5 th group reinforcement of hemp yarn, polypropylene yarn and glass fibre yarn on both directions with surface density 250 g/m 2 and thickness 1.10 mm were used (Table II) . The density of the warp threads 1 dm was 100 yarns while the weft thread density 1 dm was 144 yarns (HA/GF/PP) and 228 yarns (HA/PP). To form composites reinforcement layer-up method and compression moulding (hydraulic press LP-S-50, ASTM LabTech Engineering Co., Ltd.) at temperature 190 °C was used. Preheating time was 10 s for composites (C_1, C_2, C_3 and C_4) to form, or 180 s and contact + cooling time 360 s to form composites (C_5 and C_6). The composite processing methods and parameters used for reinforcements can be seen in Fig. 2 and Table II. All layers of reinforcements (from 2 to 4) were put one on the other without changing warp/weft directions.
D. Composite Testing
Tensile properties of fibre-reinforced plastic composites were tested for the warp direction, according to ISO 527-5:2009 standard, using an INSTRON dynamometer (Fig. 5 to Fig. 8 ). The composites thickness after swelling in water (TS) was measured according to EN 622-2: 2004 standard (Fig. 9) . 
III. RESULTS AND DISCUSSION
− −
The tensile strength of industrially woven hemp reinforcement (Table IV, Fig. 1 ) was about 14 % higher than that of a handmade reinforcement, because threads on craftsman's loom were more stretched and injured in weaving process. The value of modulus of elasticity was about 8 % higher for industrially made reinforcement, while the tensile stress at maximum load (Table III) was about 3 % higher for handmade reinforcement.
The increase of mechanical strength (Table IV) , which is about 13 %, was achieved by adding of glass fibre yarn on the warp direction, while the modulus of elasticity is about 23 % lower than the modulus of elasticity for industrially made reinforcement of hemp yarn. The tensile extension for hemp yarn reinforcements is 2.56 % − 2.60 %, while for the hemp/glass fibre yarn reinforcements the increase was about 14 %, due to damage of glass fibre from hemp yarn in the weaving process.
The 4 th and 5 th group of hemp, polypropylene and glass fibre yarn reinforcements cannot be considered as reinforcement only, but also as base materials for the manufacture of composite, where polypropylene yarn will act as composite matrix. As it can seen in Table IV, the tensile strength (1098.2 N) and tensile stress at maximum load (25.84 MPa) as well as tensile extension 17.2 % are about 75% higher than for industrially made reinforcement of hemp yarn and it was ensured by the use of polypropylene yarn. The tensile strength of HA/PP fabric (Fig. 3) was large (1121.5 N), but it was gained from the strength of PP yarn. The hemp yarn loses its strength at 500 − 600 N. With addition of glass fibre (7 % mass fraction) for 5 th group of reinforcements the mechanical improvement was not achieved, due to warp yarn density in a reed and the damage of glass fibre yarn in the weaving process (Table IV) . The picture (Fig. 4, left) shows, that the reinforcement structure in the composite is flinched with preheating time 180 s, due to plasticity of PP. The reduction of preheating time to 10 s eliminated the deformation of matrix (Fig. 4, right) and the results of testing showed the performance of composite.
By comparing of the surface parameters of the reinforcements used and the produced composites (Table II  and Table III ) it can be seen that:  The thickness of one layer composite was 3.5 times lower and the density of composite was 1.1 times lower, if the same parameters were used for reinforcement.  The two layer composite was 4 times thinner and the density of composite was about 1.1 − 1.2 times lower than for two reinforcements used for production of the composite.  The tree layer composite was about 4 times thinner and the density of composite was about 1.1 times lower than for three reinforcements used for production of the composite.  The four layer composite was 4.2 times thinner and density of the composite is 1.1 times lower than for reinforcements used for production of the composite. The thickness of reinforcement was about 3.5 − 4.2 times and density of composite was 1.1 − 1.2 times higher as the same parameters of produced composites. This was connected with the process of threads squeezing during pressing and loss of moisture during cooling. The tensile strength of the composites (Fig. 5) varied from 303.09 N to 1459.0 N, depending on building parameters of the composite. The tensile strength of one, two and three layer composites was 1.1 − 1.2 higher than for three layer composite (C_4) and four layer composite (C_5) the values were 1.1 − 1.3 times lower as for reinforcements used for production. For two and three layer composites the higher tensile strength was for composite with PP (62 % mass fraction). The increase of tensile strength with the addition of glass fibre yarn (7 % mass fraction) was not observed.
The tensile extension of composites were higher 1.5 − 2.6 times (Fig. 6 ) than for used reinforcements (Table IV) and varied from 3.53 % to 4.62 % depending on the used reinforcements layers. The increase of tensile extension with scale-up layers was observed and pointed towards tensile extension of PP matrix. The increase of tensile stress of composites at maximum load for 2 times was observed ( Fig. 7) with reduction of preheating time in case of one layer composite. Meanwhile, the influence of layer number (2 or 3) on the value of tensile stress at maximum load yielded about 9 % -13 % and 17 % in case of 4 layers, when compared to the previous layer. For one layer composites the tensile stress at maximum load was 5.2 times higher; 2.9 − 3 times higher for two layer composites; 2.2 times higher for three layer composites and 1.9 times higher for four layer composites than for reinforcements used for production of composites.
The higher modulus of elasticity (Fig. 8 ) is for composites of two layers (C_2) and four layer composite (C_6). While for two layer composite (C_3) modulus of elasticity is 1.19 times lower, also it pointed out the influence of PP maxtrix quantity in composite. The modulus of elasticity was 3.4 times higher for one layer composite; 2.1 − 1.9 times for two layer composite; 1.2 − 1.3 times for three layers composite and 1.1 times for four layer composite, than for used reinforcement. Immersion in water caused the change of thickness for all composites (Fig. 9) . The lowest thickness change was 7.5 % for four layer composite (C_6) after 24 h testing, while at the same time for two layer composite (C_2) the thickness swelling is 2.9 times higher. After 48 h testing the highest thickness change (34.2 %) was for three layer composite (C_4), the lowest thickness change (11.1 %) was for one layer composite. At the end of testing (72 h) the thickness swelling of the composites was from 11.8 % (C_1) to 37.5 % (C_5). For this reason the impact of certain factors on changes of composite thickness upon immersion in water depend on the quantity of natural fibres in the composite.
IV. CONCLUSION
Technical textiles based on composites are rapidly developing in the range of light-weight engineering materials. 2D woven structures depending on application and composite processing were executed in plain weaving technique. Investigation of production methods for woven fabric structures showed strong impact on mechanical propertiesthe tensile strength, the tensile stress at maximum load and the tensile extension, as well as the modulus of elasticity of reinforcements. Composite mechanical testing showed that the composite tensile strength and the tensile stress at maximum load were dependent on the number of reinforcement layers, but the tensile extension of composites and the modulus of elasticity were not closely related to the number of composite layers, but to the elasticity properties of used fibres and the composite production method. For this reason the thickness changes of composite upon immersion in water can be detected and the thickness change depends on the quantity of natural fibres in the composite. 
